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Background: Recent studies show that small-conductance Ca2+ activated (apamin-sensitive) K+ current (IKAS) is present in normal human atria 
but little in normal human ventricles. We hypothesize that heart failure (HF) results in heterogeneous IKAS upregulation in human ventricular cells.
Methods: The HF group included 6 native hearts from transplant recipients. Tissues from 3 patients with aortic stenosis and normal left ventricular 
ejection fraction (LVEF) were used as control. Ventricular cardiomyocytes were isolated after enzymatic digestion. Whole-cell patch-clamp techniques 
were used to study K+ currents before and after 100 nM apamin using pipettes containing 863 nM free-Ca2+ solution.
Results: All 9 patients were male. The mean age was 43.0 ± 8.9 years for HF and 87.0 ± 5.0 years for control. The LVEF was 18.5 ± 5.2% for HF 
and 61.0 ± 6.6% for control. Three HF patients had ischemic heart diseases and three had non-ischemic cardiomyopathy. The IKAS density measured 
with a 300 ms step-pulse protocol was significantly larger in the HF than in the control ventricular myocytes (IKAS at 0 mV with a holding potential of 
-70 mV: 5.31 ± 4.13 pA/pF, n = 23, vs. 1.71 ± 1.33 pA/pF, n = 9, p = 0.001). Transmural heterogeneity of IKAS in HF ventricles was studied using the 
cardiomyocytes isolated from three different layers (10 epicardial cells, 5 mid-myocardial cells, and 5 endocardial cells from three HF ventricles). 
The mid-myocardial cells had significantly lower IKAS than the other layers (1.30 ± 1.20 pA/pF, n = 5, vs. 5.53 ± 3.59 pA/pF, n = 15, p < 0.001).
Conclusions: There is a heterogeneous upregulation of IKAS in failing human ventricles, with midmyocardial cell layers showing lower IKAS density 
than epicardial and endocardial cell layers. Because IKAS is known to be Ca2+ sensitive, these findings suggest that IKAS activation may contribute 
to electrical heterogeneity of failing hearts in conditions associated with elevated intracellular Ca2+. 
